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Objective: The purpose of this methodology study is to examine the relative validity of four dietary
assessment methods during pregnancy and to understand the pros and cons of each method.
Materials and methods: We recruited 181 healthy pregnant women with less than 20 weeks of gestation
and collected information through personal and telephone interviews in Taipei, Taiwan. Dietary
assessment methods including 24-hour recalls, 3-day food records, and the weekly food frequency
questionnaire during the 3 trimesters and the meal-based Chinese food frequency questionnaire (CFFQ)
in the 3rd trimester were used in this prospective study.
Results: The percentages of energy from protein (15%), fat (31e34%), and carbohydrate (50e54%) were
similar by the recall and record methods. The energy intakes from 24-hour recalls were 1924 kcal,
1980 kcal, and 2172 kcal in the 1st, 2nd, and 3rd trimesters, respectively. The weekly food frequency
questionnaire resulted in signiﬁcantly higher intakes of all energy nutrients, especially for protein and fat
intakes (percentages and densities) for the 3 trimesters; a further adjustment for the food list is needed.
The CFFQ showed comparable results with the quantitative methods in estimating dietary patterns for
the entire pregnancy. The 24-hour recalls by telephone interviews provided reasonable results in the
assessment of the average nutrient intakes during the trimesters.
Conclusion: The combinations of 24-hour recalls for the short-term dietary changes and the CFFQ for
long-term dietary patterns are suggested as appropriate dietary assessment methods during pregnancy
in Taiwan.
Copyright  2014, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Dietary assessment serves as the foundation for appropriate
nutrition counseling and intervention for individuals. It enables
practitioners to identify both poor and desirable dietary habits and
patterns, and thus is fundamental in determining the risk of inad-
equate intakes of speciﬁc nutrients, possibilities for dietary
improvement in pregnant women. Dietary assessments for esti-
mating nutrient intakes and food patterns serve as the foundation
of human nutrition-related research. During pregnancy, the
development of dietary assessment methods has two generalitional Science and Education,
ies, National Taiwan Normal
Taipei 10610, Taiwan.
bstetrics & Gynecology. Publishedpurposes: ﬁrst, to assess the dietary changes as the pregnancy
progresses, and second, to capture the overall dietary information
during the entire pregnancy period. Therefore, the selection and
understanding of the dietary assessment methods are needed to
estimate the short- and long-term dietary consumption. The aim of
this methodology study was to gain knowledge and practical
experience for the four dietary assessments method during preg-
nancy in Taiwan.
Dietary intake data can be collected using various methods
including the quantitative and qualitative methods suggested by
some researchers [1]. The purpose of the quantitative methods is to
collect accurate information on the total actual daily nutrient in-
takes, such as 24-hour recalls and food records. The goal of the
qualitative method represented by the food frequency question-
naire (FFQ) is to assess food groups to evaluate the usual long-term
food patterns. The format consists of a selection of frequency for the
food list and sometimes with another selection of portion sizes.by Elsevier Taiwan LLC. All rights reserved.
Table 1
Numbers of participants and questionnaires completed for four dietary methods
during the 3 trimesters.
Method 1st trimester 2nd trimester 3rd trimester Total NQ
NP NQ NP NQ NP NQ
CFFQ 167 167 167
WFFQ 74 81 167 445 165 559 1085
3-d records 37 39 130 187 103 112 338
24-h recalls 37 37 152 210 165 416 663
CFFQ ¼ Chinese food frequency questionnaire; NQ ¼ number of questionnaires;
NP ¼ number of participants; WFFQ ¼ weekly food frequency questionnaire.
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year for estimating long-term dietary consumption. To our
knowledge, there is no document for FFQs covering shorter time
frames such as weekly or monthly in Taiwan to illustrate possible
dietary changes during pregnancy, which may be more appropriate
to evaluate possible changes in food consumption during each
trimester of pregnancy. Moreover, no published article has been
found that evaluates the results from both quantitative methods
(including 24-hour recalls and food records) and qualitative FFQ
methods during the 3 trimesters in pregnancy. In the literature,
surprisingly little information has been reported using the obser-
vational studies to assess nutritional status during pregnancy.
Among them are majority cross-sectional approaches [2e7];
meanwhile, some dietary information has been documented by
prospective cohort studies [8e11]. The purpose of this study is to
compare the nutrient intakes calculated from four dietary assess-
ment methodsd24-hour recalls by telephone interviews, self-
administrated 3-day food records, a meal-based Chinese food fre-
quency questionnaire (CFFQ) [12] without portion size selections,
and a weekly food frequency questionnaire (WFFQ)dto collect
dietary information during pregnancy via a prospective cohort in
Taipei, Taiwan [13]. We examined the advantages and disadvan-
tages of each method, and evaluated the relative validity and
agreements for these four methods for pregnant women.
Materials and methods
Participants and procedures
This study was designed as a prospective follow-up of women in
early pregnancy and their children [13]. All procedures involving
human participants were approved by the committee at Taipei City
Hospital, Branch for Women and Children, and all individuals who
agreed to participate signed the informed consent forms. We
recruited women in early pregnancy at the Taipei City Hospital,
Branch for Women and Children, Taipei, Taiwan between October
2002 and December 2002, and between December 2003 and
February 2004 at the Obstetrics and Gynecology and prenatal care
clinics. The eligibility criteria included general good health, aged 20
years and older, Han ethnicity, living in North Taiwan for more than
10 years, and less than 20 weeks pregnancy. For those who were
eligible, the participation rate during the recruitment period was
about 50%; a total of 181 women agreed to participate initially, of
whom 168 completed the initial interviews, with one person
providing only partial information. The participants in the analyses
ranged from 37 in the 1st trimester to 168 during the 2nd trimester,
reﬂecting the fact that majority of the participants were recruited
during their 2nd trimester.
Trained interviewers conducted face-to-face interviews at the
initial visit, and at the last prenatal care visit they collected detailed
family and lifestyle information. The participants were given in-
structions on 3-day food record-keeping (2 workdays and 1
weekend day), and they also completed a meal-based CFFQ for
pregnancy. Telephone interviews were conducted to collect
monthly WFFQs and 24-hour recalls; most of the 24-hour recalls
were collected onweekdays. The face-to-face interviews took 1e1.5
hours to complete, whereas the monthly telephone interviews took
30e45 minutes. In summary, our protocol was to collect one CFFQ
for the entire pregnancy, from two to three 3-day food records,
from three to ﬁve monthly 24-hour recall, and from three to eight
monthly WFFQs for each person depending on when the partici-
pants joined the study. Except for the self-administered 3-day food
records, themajority of participants agreed to answer the questions
according to our protocol. Each trimester was deﬁned as 12 weeks:
prior to 12 weeks as the 1st trimester, 13e24 weeks as the 2ndtrimester, after 24 weeks as the 3rd trimester of gestational age. The
nutrient intakes were averaged using the same method during the
same trimester to represent the individual intakes. The average
intakes of 3-day food records were also used for the individual
intakes. All in all, we collected a total of 167 completed CFFQs for
pregnancy, 1085 WFFQs, 338 3-day food records, and 663 24-hour
recalls in the ﬁnal analyses, as shown in Table 1.
Food frequency methods
We have developed two types of FFQsdWFFQ for short-term
assessment and CFFQ for long-term assessment. The related food
composition tables and calculation were developed based on our
previous diet research experiences, especially the local food items
and serving portions. The format for WFFQ is a general checklist of
15 food categories including staples, meats, ﬁshes, other sea foods,
soy products, eggs, vegetables, fruits, sweet snacks, salty snacks,
dairy products, water, juices, other drinks, and an open miscella-
neous group with ﬁve meal frequency (breakfast, lunch, afternoon
snack, dinner, and night snack) on a weekly basis. The 15 food
categories were named using simple, lay language and without
detailed food lists. The participants were guided by meal se-
quences, and they provided the frequency of each food category for
each meal in the previous week as the referent time. We collected
the WFFQs by monthly telephone interviews, and this took about
10e15 minutes to complete.
The meal-based CFFQ has been documented in detail in a pre-
vious study [12]; however, we removed the portion size selections
to reduce the length of the interview time. In addition, we also
updated the food list according to the contemporary dietary prac-
tices in Taipei, especially considering the fast changing takeout food
patterns for breakfast and lunch. The structure of the CFFQ is based
on a ﬁve-meal sequence: prior to 11:00 AM (breakfast), 11:00 AMe
2:00 PM (lunch), 2:00e5:00 PM (afternoon snack), 5:00e9:00 PM
(dinner), and after 9:00 PM (evening snack). This version of CFFQ has
a food list of 172 food groups and eight frequency selections (<1
time/month, 2e3 times/month, 1 time/week, 2e3 times/week, 4e6
times/week, 1 time/day, >1 time/day) but without portion size
selections. This CFFQ for the entire pregnancy was collected during
a face-to-face interview at the last prenatal visit and took about
30e40 minutes to complete.
Diet coding and statistical analyses
The dietary information and nutrient intakes were coded using
standard procedures and calculated with the National Normal
University Food System consisting of three interactive data man-
agement and calculation systems to process 24-hour recalls, 3-day
food records, WFFQ, and CFFQ [14]. The speciﬁc food composition
tables for the two types of FFQs were formulated according to the
assigned food lists. The two FFQ food composition tables ﬁxed for
coding the questionnaires generated the daily nutrient intakes
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WFFQs from ﬁnal analyses because the calculation of daily energy
intake exceeded 4000 kcal. Nutrient densities per 1000 kcal
calculated from the two FFQs (CFFQ and WFFQ) were used in the
analyses. The selective nutrients from four assessment methods
included in the analyses are total energy, protein, fat, carbohydrate,
vitamin (Vit) A, Vit E, Vit B1, Vit B2, Vit B6, Vit B12, niacin, Vit C,
sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), phos-
phorus (P), iron (Fe), dietary ﬁber, and cholesterol. The completions
rates for each dietary component in our food composition tables
were all more than 90%.
For statistical analyses, we used the software packages SPSS
version 11.0 (SPSS, Inc., Chicago, IL, USA) for basic statistics and
STATA 8.0 (StataCorp LP, College Station, TX, USA) for generalized
estimating equations to analyze our repeated data for the three
trimesters, and a p < 0.05 was considered signiﬁcant. Descriptive
data were presented by suitable count unit and percentages. We
used both correlations and kappa values to demonstrate the agree-
ments between the two methods even though there were some
published disputes [15]. Kappa statistics were calculated by rank
cases into tertiles and in order to test the nutrient levels between
two dietary assessment methods. Bivariate analyses were applied,
and results from normal transformation (Pearson correlations) and
nonparametric analyses (Spearman correlations) were compared
and the results from Spearman correlations were reported.
Results
Table 1 shows the detailed data collection for the four methods
and participants from recruitment to delivery. The response and
completion rates were calculated by participating and completing
the dietary methods, respectively. The ranges for participating and
completing each method were 0e1 for CFFQ, 0e8 for WFFQ, 0e5
for 24-hour recalls, and 0e3 for 3-day records. The 24-hour recalls
by one to three multiple intends for the telephone interviews had a
100% response rate and a completion rate of 93%, the self-
administrated 3-day records had a 77% response rate with a low
completion rate of 29%, the face-to-face CFFQ had a response rate of
92% and a completion rate of 99%, and the WFFQ by telephone
interview had a response rate of 87% with a completion rate of 94%.
Basic information for all pregnant participants is reported in
Table 2. The average age of the pregnant women was 30 years, and
the prepregnant body mass index was 21. Both women and their
spouses had an average of 14e15 years of schooling. The average
gestational age for birthwas 38.7weeks,with an average gestational
weight gain of 13.8 kg. Tables 3e5 show the selective nutrient in-
takes in the three trimesters of pregnancy by three assessment
methods including 24-hour recalls, 3-day food records, and WFFQ,
respectively. The results from 24-hour recalls are the lowest among
the three methods, with a total energy of 1924 kcal, 1980 kcal, andTable 2
Basic information of pregnant participants.
Mean  SD (n)
Age (y) 30.43  3.84 (167)
Prepregnancy weight (kg) 53.22  7.76 (155)
Height (cm) 159.43  4.66 (167)
Prepregnant BMI (kg/m2) 20.92  2.77 (155)
Years in school (y) 14.33  2.08 (167)
Years in school for spouses (y) 14.60  2.12 (167)
Height of spouses (cm) 171.63  6.12 (158)
Weight of spouses (kg) 69.87  10.01 (157)
Gestational age for birth (wk) 38.72  1.39 (165)
Gestational weight gain (kg) 13.84  4.29 (154)
BMI ¼ body mass index; SD ¼ standard deviation.2172 kcal for the 1st trimester, 2nd trimester, and 3rd trimester,
respectively,with a signiﬁcantpvalue for trendanalysis. Thepercent
energy values from protein (15%), fat (31e32%), and carbohydrate
(53e55%) were similar for the 3 trimesters (p for trend ¼ 0.3e0.8).
Therewere signiﬁcant differences between the 1st trimester and 3rd
trimester, 2nd trimester and 3rd trimester on energy, protein, fat, and
carbohydrate intakes, and also Vit B6, Vit B12, K, P, and cholesterol
(p < 0.05). Interestingly, none of these nutrient intakes showed
signiﬁcant differences between the 1st trimester and 2nd trimester.
Moreover, the percentages of energy from protein, fat and carbo-
hydrate, Vit E, Vit B2, Vit C, Na, Ca, and Fe were not signiﬁcantly
different during the 3 trimesters by 24-hour recalls (p > 0.05).
Table 4 shows the selective nutrient intakes of 3-day food re-
cords. Only Vit B1 andMg intakewas signiﬁcantly different for the 3
trimesters (p < 0.05). The average energy intakes in the 1st
trimester, 2nd trimester, and 3rd trimesters were 2136 kcal,
2289 kcal, and 2284 kcal (p ¼ 0.1), respectively, with similar per-
centages of energy from protein (15%), fat (34%), and carbohydrate
(51%; p ¼ 0.4e0.8). Half of the nutrient intakes were signiﬁcantly
different from the ﬁrst and the other trimesters (p < 0.05), and
none of the nutrient intakes show signiﬁcant difference between
the 2nd trimester and 3rd trimester. In general, daily consumption
results from 3-day food records were higher than the results from
24-hour recalls. These results may be partially explained by the
higher food consumption during weekends because we required 1
weekend day in the 3-day food records.
Daily dietary intakes and the nutrient densities calculated from
WFFQs are demonstrated in Table 5. The total daily energy intakes
were 2912 kcal, 3104 kcal, and 3279 kcal during the 3 trimesters
(p < 0.05). The WFFQs resulted in higher values for energy, energy
from protein (17e18%), and fat (35e39%) compared to the 24-hour
recalls and 3-day food records. This method showed signiﬁcantly
higher intakes of all energy nutrients, especially for protein and fat
intakes (percentages and densities) for the 3 trimesters by using
generalized estimating equation analyses (p < 0.05); these results
were different from the 24-hour recalls and 3-day food records. The
majority of nutrient densities were signiﬁcantly different for the 3
trimesters; however, Vit A, Vit B2, Vit B6, Fe, and dietary ﬁber
densities were not signiﬁcantly different (p > 0.05). In addition, the
agreements by kappa values between 24-hour recalls with WFFQs
in all 3 trimesters were low and hadmany negative values (data not
shown). Table 6 reports the selective nutrient intakes by the CFFQs
during the entire pregnancy. The average energy intake was
2908 kcal, with percentages of energy from protein, fat, and car-
bohydrate of 15%, 33%, and 51%, respectively. These estimations
were very similar to 24-hour recalls and 3-day food records.
However, all daily nutrient intakes were overestimated by the two
FFQs compared to 24-hour recalls and 3-day food records. In
comparison to the nutrient densities per 1000 kcal from WFFQs as
shown in Table 5, the CFFQs showed higher values for carbohydrate,
Vit A, Vit C, Na, K, and dietary ﬁber; and lower values for protein, fat,
Vit B1, Vit B12, Ca, Mg, and P. For Vit E, Vit B2, niacin, Vit B6, Fe, and
cholesterol densities, these results were similar for CFFQs and
WFFQs. Surprisingly, the average nutrient densities per 1000 kcal
for Vit B12 and Ca were very different for these two methods, with
much lower values for CFFQs.
To understand the agreements and relative validities between
the two dietarymethods, we calculated the kappa values for tertiles
ranking and Spearman correlation coefﬁcient (r) for the CFFQs
versus the three other methods in Table 7. The two FFQs had kappa
values ranging from 0.113 (for Vit B6) to 0.369 (for Vit B2), and
signiﬁcant correlations ranging from r ¼ 0.169 (for Vit A) to
r ¼ 0.562 (for Vit C). The 24-hour recalls and the WFFQs showed
signiﬁcant kappa values and correlations for energy and protein
intakes with the CFFQs (p < 0.05). The 3-day food records had
Table 3
Selective nutrient intakes for the three trimesters during pregnancy by 24-hour recall.
Nutrient 1st trimester (n ¼ 37) 2nd trimester (n ¼ 152) 3rd trimester (n ¼ 165) p
Mean  SD Mean  SD Mean  SD
Energy (kcal)a,b 1925.40  401.41 1981.91  603.38 2174.01  512.60 <0.001**
Protein (g)a,b 71.32  19.55 71.81  24.15 80.02  19.93 <0.001**
Protein (%) 14.94  3.23 14.62  2.87 14.86  2.36 0.775
Fat (g)a,b 65.78  28.28 70.08  30.21 77.14  23.43 0.006**
Fat (%) 30.50  10.38 31.67  8.72 32.07  6.41 0.343
Carbohydrate (g)a,b 261.57  72.78 265.52  95.81 289.39  83.82 0.002**
Carbohydrate (%) 54.57  10.18 53.72  9.48 53.07  6.86 0.339
Vit A (mg RE)a 1408.11  1094.59 1412.82  1589.99 1863.50  1778.03 0.022*
Vit E (mg a-TE) 8.83  4.89 9.38  5.23 9.98  4.35 0.127
Vit B1 (mg)b 0.82  0.36 0.89  0.69 1.00  0.48 0.016*
Vit B2 (mg)a 1.05  0.47 1.13  0.56 1.33  0.49 0.233
Niacin (mg)b 10.29  4.66 11.69  5.87 12.59  3.72 0.005**
Vit B6 (mg)a,b 0.81  0.33 0.89  0.51 1.02  0.43 0.003**
Vit B12 (mg)a,b 3.64  3.66 4.16  4.08 5.61  5.40 0.004**
Vit C (mg) 118.16  89.80 144.80  122.07 155.97  95.81 0.078
Na (mg) 3379.73  2224.78 3418.79  2773.28 3697.06  1895.90 0.235
K (mg)a,b 1793.20  698.25 1816.98  764.17 2090.02  617.26 <0.001**
Ca (mg) 454.95  333.51 462.48  362.90 508.61  260.94 0.133
Mg (mg)a 202.08  80.16 199.36  79.76 229.21  70.89 0.001**
P (mg)a,b 915.66  316.71 927.15  362.74 1031.08  278.87 0.001**
Fe (mg) 14.90  17.40 12.15  10.07 13.59  7.62 0.854
Dietary ﬁber (g)a 15.22  7.14 15.01  8.00 16.86  6.64 0.010*
Cholesterol (mg)a,b 278.30  152.35 308.01  171.73 355.24  148.49 <0.001**
*p < 0.05.
**p < 0.01.
Ca ¼ calcium; Fe ¼ iron; K ¼ potassium; Mg ¼magnesium; Na ¼ sodium; P ¼ phosphorus; RE ¼ retinol equivalence; SD ¼ standard deviation; TE ¼ tocopherol equivalence;
Vit ¼ vitamin.
a Signiﬁcantly different between the 1st and 3rd trimesters.
b Signiﬁcantly different between the 2nd and 3rd trimesters.
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percentages of energy from fat and carbohydrate intakes (p< 0.05).
The CFFQs and 24-hour recalls showed signiﬁcantly good agree-
ment and correlations on energy, percent of energy from protein,Table 4
Selective nutrient intakes for three trimesters during pregnancy by 3-day food records.
Nutrient 1st trimester (n ¼ 37) 2nd trime
Mean  SD Mean  S
Energy (kcal)a,b 2138.34  416.24 2290.90 
Protein (g)a 82.07  21.09 88.57 
Protein (%) 15.43  2.77 15.53 
Fat (g)a,b 79.64  22.63 86.99 
Fat (%) 33.50  7.50 34.16 
Carbohydrate (g) 347.31  137.63 287.88 
Carbohydrate (%) 51.08  9.22 50.32 
Vit A (mg RE) 2096.34  1661.78 2262.59 
Vit E (mg a-TE)b 9.95  3.97 11.04 
Vit B1 (mg)b 1.02  0.37 1.20 
Vit B2 (mg) 1.35  0.57 1.37 
Niacin (mg) 13.03  4.01 13.96 
Vit B6 (mg)a,b 1.02  0.40 1.20 
Vit B12 (mg) 7.37  7.37 8.72 
Vit C (mg) 143.09  77.92 169.41 
Na (mg) 4451.52  1792.17 4224.32 
K (mg)a,b 2086.01  555.57 2339.01 
Ca (mg) 579.71  315.36 635.04 
Mg (mg)a,b 232.14  65.10 265.45 
P (mg)a,b 1066.01  313.89 1167.14 
Fe (mg) 17.77  13.35 14.87 
Dietary ﬁber (g)a,b 15.34  4.60 18.42 
Cholesterol (mg) 347.31  137.63 394.22 
*p < 0.05.
**p < 0.01.
Ca ¼ calcium; Fe ¼ iron; K ¼ potassium; Mg ¼magnesium; Na ¼ sodium; P ¼ phosphoru
Vit ¼ vitamin.
a Signiﬁcantly different between the 1st and 2nd trimesters.
b Signiﬁcantly different between the 1st and 3rd trimesters.Vit B2, Ca, Fe, dietary ﬁber, and cholesterol (p < 0.05). In addition,
besides fat intake, carbohydrate and Vit B1 and Na did not show any
signiﬁcant agreement between the CFFQs and the other three
methods.ster (n ¼ 130) 3rd trimester (n ¼ 103) p
D Mean  SD
441.68 2286.31  425.77 0.109
20.22 87.44  23.42 0.271
2.37 15.39  2.55 0.814
22.44 85.47  23.42 0.181
5.89 33.55  6.11 0.729
71.28 291.29  70.33 0.211
7.06 51.06  7.22 0.857
1495.48 2352.42  2861.83 0.440
3.57 11.48  4.52 0.062
0.43 1.26  0.83 0.042*
0.49 1.42  0.84 0.430
3.70 13.80  3.51 0.493
0.40 1.18  0.41 0.134
8.53 6.89  6.69 0.386
89.55 149.22  103.57 0.581
1432.68 4056.40  1306.18 0.147
581.77 2338.12  746.93 0.063
356.90 630.58  331.16 0.466
78.48 268.72  97.46 0.016*
314.04 1161.08  313.90 0.146
6.23 14.97  9.88 0.196
5.58 17.94  7.74 0.121
147.90 377.64  171.45 0.521
s; RE ¼ retinol equivalence; SD ¼ standard deviation; TE ¼ tocopherol equivalence;
Table 5
Selective nutrient densities per 1000 kcal for three trimesters during pregnancy by WFFQ.
Nutrient 1st trimester (n ¼ 74) 2nd trimester (n ¼ 167) 3rd trimester (n ¼ 165) p
Mean  SD Mean  SD Mean  SD
Energy (kcal)a,b 2912.25  671.56 3106.47  468.40 3282.27  425.06 <0.001**
Protein (g)a,b 41.99  5.44 43.30  5.02 45.52  3.69 <0.001**
Protein (%)a,b 16.79  2.18 17.32  2.01 18.21  1.47 <0.001**
Fat (g)a,b,c 38.69  5.72 40.76  4.96 43.25  3.69 <0.001**
Fat (%)a,b 34.82  5.15 36.68  4.46 38.93  3.52 <0.001**
Carbohydrate (g)a,b 120.97  17.73 114.99  15.88 107.16  12.02 <0.001**
Carbohydrate (%)a,b 48.39  7.09 46.00  6.35 42.87  4.81 <0.001**
Vit A (mg RE) 811.75  209.32 873.05  204.35 814.84  171.44 0.511
Vit E (mg a-TE)a,b 4.76  0.78 4.98  0.69 5.11  0.53 <0.001**
Vit B1 (mg)a,b 0.46  0.08 0.47  0.07 0.50  0.06 0.001**
Vit B2 (mg)a,c 0.57  0.12 0.53  0.09 0.55  0.10 0.973
Niacin (mg)a,b 6.16  0.76 6.27  0.62 6.42  0.50 0.005**
Vit B6 (mg) 0.45  0.06 0.44  0.05 0.45  0.05 0.808
Vit B12 (mg)a,b 6.69  4.19 7.10  4.20 9.14  3.23 <0.001**
Vit C (mg)b,c 57.03  21.44 55.62  13.57 51.12  13.12 0.001**
Na (mg)a,b 1532.39  243.26 1578.15  230.90 1704.14  187.09 <0.001**
K (mg)a,b 934.61  157.60 942.94  113.93 979.76  92.00 0.018*
Ca (mg)a,b 485.60  224.20 464.67  179.59 562.76  155.71 0.005**
Mg (mg)a,b 124.02  31.22 126.60  29.17 138.41  21.78 0.001**
P (mg)a,b 579.26  105.78 580.47  88.30 627.20  71.23 <0.001**
Fe (mg) 5.82  1.69 5.59  1.11 5.74  0.71 0.262
Dietary ﬁber (g)a,c 6.83  1.29 7.01  0.91 6.87  0.83 0.541
Cholesterol (mg)a,b,c 195.86  48.88 199.00  43.14 227.01  35.23 <0.001**
*p < 0.05.
**p < 0.01.
Ca ¼ calcium; Fe ¼ iron; K ¼ potassium; Mg ¼magnesium; Na ¼ sodium; P ¼ phosphorus; RE ¼ retinol equivalence; SD ¼ standard deviation; TE ¼ tocopherol equivalence;
WFFQ ¼ weekly food frequency questionnaire; Vit ¼ vitamin.
a Signiﬁcantly different between the 1st and 2nd trimesters.
b Signiﬁcantly different between the 1st and 3rd trimesters.
c Signiﬁcantly different between the 2nd and 3rd trimesters.
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Although there have been numerous discussions on the reli-
ability and validity of dietary assessment methodology, especially
for the FFQs, very few studies have documented the comparisons ofTable 6
Selective nutrient densities per 1000 kcal for CFFQ during pregnancy.
Pregnancy
Mean  SD
Energy (kcal) 2910.78  999.17
Protein (g) 37.75  3.92
Protein (%) 15.10  1.57
Fat (g) 37.20  5.26
Fat (%) 33.48  4.76
Carbohydrate (g) 128.55  14.89
Carbohydrate (%) 51.42  7.56
Vit A (mg RE) 876.52  348.98
Vit E (mg a-TE) 4.51  1.06
Vit B1 (mg) 0.41  0.04
Vit B2 (mg) 0.58  0.12
Niacin (mg) 6.32  0.81
Vit B6 (mg) 0.45  0.06
Vit B12 (mg) 1.86  0.68
Vit C (mg) 78.65  26.38
Na (mg) 1756.07  310.74
K (mg) 1008.09  136.92
Ca (mg) 200.44  54.12
Mg (mg) 108.81  12.08
P (mg) 506.14  48.06
Fe (mg) 5.41  1.06
Dietary ﬁber (g) 8.08  1.55
Cholesterol (mg) 200.18  41.39
Ca¼ calcium;Fe¼ iron;K¼potassium;Mg¼magnesium;Na¼ sodium;
P ¼ phosphorus; CFFQ ¼ Chinese food frequency questionnaire; RE ¼
retinol equivalence; SD ¼ standard deviation; TE ¼ tocopherol equiva-
lence; Vit ¼ vitamin.more than two of these methods. In this study during pregnancy,
the overall dietary information was collected using a meal-based
CFFQ, and the dietary changes in the 3 trimesters were compared
using 24-hour recalls, 3-day food records, and an innovative
monthly WFFQ. We found that the meal-based CFFQ collected at
the last prenatal visit in the 3rd trimester was able to estimate di-
etary patterns and to rank the individual along the distribution of
nutrient intakes. Moreover, for estimating the appropriate average
intake for each trimester, the 24-hour recalls provided reasonable
average group results for nutrient intakes and showed better re-
sponses than the self-administered 3-day food records. The
monthly WFFQ did not provide accurate information on nutrient
intake, and it seemed to overestimate the percentages of energy
from protein and fat.
There are numerous publications on the study of pregnant diet
methodology inWestern countries [1,9,16,17]. Our study focuses on
an Asian population and diet. We had a number of objective de-
cisions tomake prior to conducting this comparison study to collect
the empirical dietary data. The ﬁrst consideration we had in mind
was the purpose of this comprehensive diet method study for
pregnancy: which kind of research design is suitable for possible
hypothesis generating and testing during pregnancy? Prospective,
retrospective, or cross-sectional studies were among the choices. In
order to collect information for dietary changes during the 3 tri-
mesters, we decided to collect the data prospectively. The next
decision we made was to use both quantitative and qualitative di-
etary assessment methods for short- and long-term intakes. This
study compared the selective nutrient results for the relative val-
idity and agreements. We used 24-hour recalls, 3-day food records,
and two forms of FFQs including the monthly WFFQ for the 3 tri-
mesters and the CFFQ for the entire pregnancy. Moreover, we paid
considerable attention to developing the diet study protocol. The
timing and the frequency of data collection, the number of in-
terviews, and the referent time for each of the dietary assessment
Table 7
Kappa values and correlation coefﬁcients for CFFQ with three other methods.
Nutrient CFFQ vs. 24-h recall CFFQ vs. 3-d record CFFQ vs. WFFQ
(n ¼ 165) (n ¼ 103) (n ¼ 164)
Kappa r Kappa r Kappa r
Energy (kcal) 0.149** 0.232** 0.010 0.054 0.268** 0.500**
Protein (g) 0.067 0.176* 0.053 0.074 0.131* 0.188*
Protein (%) 0.159** 0.206** 0.053 0.125 0.131* 0.188*
Fat (g) 0.058 0.087 0.053 0.130 0.058 0.131
Fat (%) 0.006 0.097 0.141* 0.137 0.058 0.131
Carbohydrate (g) 0.021 0.022 0.039 0.043 0.076 0.147
Carbohydrate (%) 0.006 0.136 0.214** 0.203* 0.076 0.147
Vit A (mg RE) 0.058 0.198* 0.082 0.283** 0.031 0.169*
Vit E (mg) 0.064 0.360** 0.024 0.216* 0.204** 0.423**
Vit B1 (mg) 0.021 0.093 0.082 0.007 0.095 0.087
Vit B2 (mg) 0.159** 0.375** 0.257** 0.347** 0.369** 0.548**
Niacin (mg) 0.012 0.220** 0.010 0.011 0.177** 0.288**
Vit B6 (mg) 0.122* 0.145* 0.049 0.312 0.113* 0.041
Vit B12 (mg) 0.031 0.146 0.184** 0.206* 0.122* 0.218**
Vit C (mg) 0.104 0.201* 0.170* 0.243* 0.360** 0.562**
Na (mg) 0.021 0.007 0.053 0.108 0.104 0.208
K (mg) 0.058 0.265** 0.024 0.108 0.204** 0.488**
Ca (mg) 0.241** 0.485** 0.257** 0.437** 0.186** 0.490**
Mg (mg) 0.085 0.322** 0.199** 0.285** 0.159** 0.275**
P (mg) 0.058 0.232** 0.024 0.164 0.149** 0.398**
Fe (mg) 0.122* 0.293** 0.112 0.207* 0.159** 0.361**
Dietary ﬁber (g) 0.223** 0.345** 0.141* 0.279* 0.296** 0.541**
Cholesterol (mg) 0.113* 0.220** 0.170* 0.429** 0.195** 0.354**
*p < 0.05.
**p < 0.01.
Ca ¼ calcium; CFFQ ¼ Chinese food frequency questionnaire; Fe ¼ iron; K ¼ potassium; Mg ¼ magnesium; Na ¼ sodium; P ¼ phosphorus; RE ¼ retinol equivalence;
SD ¼ standard deviation; TE ¼ tocopherol equivalence; Vit ¼ vitamin; WFFQ ¼ weekly food frequency questionnaire.
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new food items to reﬂect diet changes in Taiwan. The management
aspect for updating the food composition data linked to the diet
questionnaires, and also for the standardized coding and calcula-
tion of the nutrient data, was critical in producing high-quality
dietary assessments for Taiwanese volunteers [14]. In addition,
this methodology study provided valuable information on the
response and completion rates of these four dietary assessment
methods. The 24-hour recalls bymultiple telephone interviews had
much better response and completion rates compared to the self-
administered 3-day records. Even though most of the participants
agreed to keep food records, only about 30% of them managed to
complete this task. Telephone interviews for the WFFQs showed
high response and completion rates. The meal-based CFFQ by face-
to-face interviews also showed very high response and completion
rates. Surprisingly, we found very few publications on nutrient
intakes covering all 3 trimesters; a few nutrients have been
examined for only the 1st trimester [18,19], 2nd trimester [20], or 3rd
trimester [19,21e24], and none of these studies have documented
the pros and cons of the dietary methods that had been selected.
Our results from the 3-day records did not show signiﬁcant
differences for the 3 trimesters. Interestingly, energy and nutrient
intakes did not have any signiﬁcant differences between the 1st
trimester and 2nd trimesters, but showed signiﬁcant differences
between 1st trimester and 3rd trimester, and in the 2nd trimester and
3rd trimester by 24-hour recalls (Table 3); these results agreed with
the general dietary guidelines issued by the Food and Agriculture
Organization/World Health Organization/United Nations University
[25] and the United States [26] for pregnant women. These two
methods for assessing the actual intakes showed mean differences
of 213 kcal in the 1st trimester, 309 kcal in the 2nd trimester, and
112 kcal in the 3rd trimester, with higher values from 3-day records.
Besides the low completion rate for the 3-day records, these results
could be partially explained by the inclusion of a weekend day in
the 3-day food records. Beaton and coworkers [27] documentedthat, inwomen, the day of theweek had a signiﬁcant effect onmany
nutrient intakes. In addition, pregnant women might overestimate
their dietary intakes in self-administered food records because of
the common belief of eating more for the growing babies. Because
we used an estimated method instead of an actual weighting
method, which was suggested to be the “gold standard” for validity
studies [28e30], we could not conﬁrm the possibility of over-
reporting in the food record method. Nevertheless, as the esti-
mated food records in this study were self-administered, and the
response and completion rates were much lower than those in 24-
hour recalls, this study suggests it would be less of a burden for
pregnant participants to use the 24-hour recalls collected by tele-
phone interviews.
We used two types of meal-based FFQsdcovering short-term
(weekly) and long-term (whole pregnancy) time frames for preg-
nancydin this prospective study. Most reported FFQs evaluated
dietary patterns for the past 1 year [30e32] and would be unsuit-
able for estimating changes in the 3 trimesters; therefore, we
designed a weekly FFQ for each month and hoped that it would be
more appropriate to estimate the changes in food consumption
monthly during pregnancy. The results are far from satisfactory, as
shown in Table 5. The total daily energy intake estimations from the
WFFQswere 3912 kcal, 3104 kcal, and 3279 kcal in the 1st trimester,
2nd trimester, and 3rd trimester, respectively, and all were deemed
too high for Taiwanese women. A few publications on FFQs were
suggested to overestimate the daily nutrient intakes by other re-
searchers [12,33]. Moreover, the WFFQs resulted in the highest
values for the percentages of energy from protein (17e18%) and fat
(35e39%) compared to the 24-hour recalls, the 3-day food records,
and the CFFQs. In addition, theWFFQ did not show good agreement
with 24-hour recalls in all 3 trimesters. These disagreements could
be explained by the fact that the current format of this WFFQ uses a
structured checklist with 15 food categories, versus the open for-
mats used in 24-hour recalls and 3-day food records. The structured
format prompted a higher intake of protein-rich foods such as meat
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foods might be better for the babies. However, the CFFQs with 127
food items showed that the average energy intake was 2908 kcal,
with percentages of energy from protein, fat, and carbohydrate of
15%, 33%, and 51%, respectively. These results were more compa-
rable to the 24-hour recalls and 3-day food records except for the
higher energy outcome. These discrepancies in energy-providing
macronutrients between the two FFQs could be explained by the
different structures of the selective food lists linked to the food
composition data of the two questionnaires. Most food items listed
in the meal-based CFFQs were mixed dishes such as stir-fried egg
and steamed ﬁsh; however, the food groups in the WFFQs featured
ingredient categories such as egg and ﬁsh. Generally speaking, the
results from the monthly WFFQs in the 3 trimesters suggested
several directions for further investigation of the reliability and
validity of the method. First, the structure of the basic food cate-
gories needs to be modiﬁed. The checklist for the 15 food groups
seems to be too broad. Second, the meal-based frequency selection
for the weekly estimation was innovative, but needs to be recon-
sidered for the conceptual base.
Our data showed that meal-based CFFQs had good agreements,
indicated by comparable percentages of energy from fat, protein,
and carbohydrate with two quantitative methods (Tables 3, 4, and
6), and also by the tertile kappa values and the signiﬁcant corre-
lations with the other three methods (Table 7). Most of the nutrient
intakes including energy, protein, Vit A, Vit E, Vit B1, Vit B2, niacin,
Vit B6, Vit C, K, Ca, Mg, P, Fe, dietary ﬁber, and cholesterol were
highly associated between the CFFQs and 24-hour recalls. Even
though the average nutrient densities per 1000 kcal for Vit B12 and
Ca were very different between the two FFQ methods, the agree-
ments and correlations for most nutrient intakes were high be-
tween the two FFQs. The agreements and correlations between the
CFFQs and the three methods were not satisfactory for fat, carbo-
hydrate, and Vit B1 and Na. These data suggested that the related
food sources and the food composition data linked with the CFFQ
also require further investigation as reported by a recent nutrient
database publication [34]. Our meal-based CFFQ method focused
on the meal patterns, which might play a role on increasing the
precision of the FFQ method [12]. A similar method was developed
and reported by Wheeler and coworkers [35] in Australia. The
questionnaire was based on meal patterns, and the format was to
ask separately about the frequency of consumption of each meal.
Because the data from an FFQ were often used to rank participants
into broad categories of low, medium, and high intakes of certain
nutrients, we ranked the nutrient intakes into tertiles, and calcu-
lated the kappa values between CFFQ and the other three methods
as shown in Table 7. The results showed relatively good validity
with all three other methods, and the data showed good agreement
with the other FFQ validity studies for pregnant women: 4-day food
records in Norway [10], 5-day food records in Finland [36], and two
sets of 3-day recalls for low-income and minority women in the
United States [37].
In the recent literature, the use of FFQs to assess dietary patterns
in pregnant women was documented by researchers in the United
States [37,38] and European countries [7,8,10,39], and all demon-
strated good agreement with the other dietary assessment
methods. Moreover, the approaches for developing diet quality
score during pregnancy such as diet quality index for pregnancy
[40] and the Healthy Eating Index [41] were reported recently. Both
indices were derived from FFQs and are suggested to be good in-
dicators for further dietary counseling and nutrition education
purposes. However, in order to obtain the proper individual and
group estimations for dietary intakes, we need to understand the
advantages and disadvantages for choosing quantitative, qualita-
tive, or some combination of dietary methods during pregnancy.The strength of this study was the comprehensive evaluation of the
four dietary methods using a prospective cohort. However, we
could not account for the impact of the different administration
methods useddsuch as telephone interviews, face-to-face in-
terviews, and self-administered questionnairesdon responses and
completeness of data. In the current study, we found that multiple
24-hour recalls led to a better group estimation than the 3-day food
records andWFFQs for selected nutrients by the 3 trimesters during
pregnancy (Tables 3e5). The monthly WFFQ could not detect di-
etary changes during the three trimesters (Table 5).
In conclusion, this comparative study of four assessment
methods during pregnancy in Taiwan found that the innovative
monthly WFFQ did not provide satisfactory results for estimating
dietary changes during pregnancy and showed high estimation for
protein and fat intakes. Further investigation for the conceptual
basis of developing new forms of FFQ for short-term dietary pat-
terns and related food composition data during pregnancy is
needed to improve the reliability and validity of the method. The
meal-based CFFQ seems to be the most effective method to esti-
mate dietary patterns and to rank individuals for high, medium,
and low nutrient intakes and collect the overall dietary information
for the entire pregnancy. The 24-hour recalls by telephone in-
terviews showed better responses than the self-administrated 3-
day food records, and provided more appropriate average intake
for dietary changes during each trimester than the monthly WFFQ.
Therefore, the combined use of 24-hour recalls for estimating the
short-term dietary changes and the CFFQ for evaluating the long-
term dietary patterns is suggested as an appropriate dietary
assessment approach during pregnancy in Taiwan.Conﬂicts of interest
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